Objective: In theory, WBI (whole bowel irrigation) is indicated in iron poisoning, but the existing data are still insufficient to support or exclude its efficacy. Case report: A 46 year-old female admitted to the Toxicology Department due to suicidal ingestion of 5000 miligrams of elemental iron (57 mg/kg) in sustained-release preparation. WBI was instituted at 2 hours after ingestion, because abdominal X-ray showed mass of tablet material inside stomach and past pylorus. After 3-hour WBI subsequent X-ray revealed residual opacities in small intestine. Levels of serum iron were increasing 289 μg/dL on admission, (1,5 h post ingestion) 408 μg/dL (6 h after ingestion), 424 μg/dL (after 12 h). WBI was continued within 7 hours, until there was no radiographic evidence of toxin remaining in the gastrointestinal tract and clear rectal effluent was apparent. Subsequent serial serum iron concentrations were as follows: 389 μg/dL (after 14 h), 239 μg/dL (after 21 h), 119 μg/dL (after 36 h). Since the patient was asymptomatic did not undergo deferoxamine therapy. Patient recovered without sequelae. Conclusion: WBI seems to be beneficial in early stage of iron intoxication ensuring rapid and effective cleansing of gut, and decreasing toxin absorption. Authors believe that the use of early WBI allows to provide supportive care and avoid deferoxamine treatment.
death. The severity of intoxication depends on the amount absorbed. Gastrointestinal toxicity (nausea, vomiting and diarrhea) have been observed in volunteers at doses as low as 5 mg Fe 2+ /kg [1] . Moderate-to-severe intoxication occurs when ingestion of elemental iron exceeds 40 mg/kg. Ingestions exceeding 60 mg/kg may be lethal [2] . Whole bowel irrigation (WBI) has been advocated as the ideal procedure for (as opposed to gastric) gastrointestinal lavage [3] . The rationale for whole bowel irrigation is that it prevents iron absorption. In several animal and volunteer studies in which WBI was used to treat various experimental poisonings there have been mixed results of effectiveness [4] . WBI has been used clinically for iron poisoning and is described in a number of case reports and series [5] [6] [7] .
Case report
46 year-old female was admitted to the Toxicology Department due to suicidal ingestion of 50 tablets of 324-mg ferrous sulfate and 60 mg ascorbic acid. Total ingestion was calculated as 5000 mg (57 mg/kg) of elemental iron in sustained-release preparation. Patient gave history of ethanol, dimenhydrinate and sulfacarbamide coingestion. Ingestion of drugs took place approximately 1,5 hour before an admission. Patient was conscious, slightly somnolent. Patient didn't report any episodes of emesis, diarrhoea or abdominal pain. Physical examination was unremarkable. The initial serum iron level was 289 μg/dl (normal range: 49-151 μg/dl). Results of initial laboratory studies (electrolytes, liver enzymes, prtothrombin time, bilirubin, leucocytes, erythrocytes, hemoglobin, platelets, serum creatinine and urea) were normal. Ethanol level was 1,13 %o. Abdominal X-ray showed mass of tablet material inside stomach and past pylorus. Decontamination of gastrointestinal tract was performed. Gastric lavage failed to return any pill fragments. We decided to perform WBI to limit intestinal iron absorption. Poliethylene glycol electrolyte solution was given orally (at a rate of 2 L per hour). After 5-hour WBI subsequent X-ray revealed residual opacities in small intestine. WBI was continued within 7h, until there was no radiographic evidence of toxin remaining in the gastrointestinal tract and clear rectal effluent was apparent. Serial serum iron concentrations during the first 36 hours were as follows: 408 μg/dL (6 h after ingestion), 424 μg/dL (12 h after ingestion), 389 μg/dL (14 h after ingestion), 239 μg/dL (21 h after ingestion), 119 μg/dL (36 h after ingestion). Since the patient was asymptomatic she did not undergo deferoxamine therapy.
At 2 nd and 3 rd day after ingestion transient increase of bilirubin level 1,53 mg/dL (normal range: 0,3-1,2 mg/dL) and leucocytosis 15 K/uL, were observed. Remaining laboratory studies were normal. Abdominal ultrasound and gastroscopy showed no abnormalities. After 9 days-long treatment patient recovered without sequelae.
Comment
Acute iron poisoning has always been of particular interest to clinical toxicologists. Oral unintentional ingestion or suicidal overdose can cause life-threatening poisoning. Iron is an extremely corrosive substance to the gastrointestinal tract, [2] it has a direct effect on mucous membranes causing ulceration and erosion of the stomach and small bowel lining [8, 9] . It's action is manifested as hematemesis and diarrhea; patients may become hypovolemic because of fluid and blood loss [2] . The absorption of excessive quantities of ingested iron results in systemic iron toxicity [2] , which is related to the generation of free radicals [8, 9] . Severe overdose causes impaired oxidative phosphorylation, mitochondrial dysfunction and generation of free radicals which can result in cellular death [2, 8, 9] . The liver is one of the organs most affected by iron toxicity [10, 11] , but other organs such as the heart, kidneys, lungs, and the hematologic systems also may be impaired [2] .
Clinical course of iron poisoning is usually divided into 5 phases [3, 12]: 1. gastrointestinal toxicity: nausea, vomiting, hematemesis, abdominal pain, diarrhea, severe gastrointestinal hemorrhagic necrosis with large losses of fluid and blood contributed to shock; 2. apparent clinical improvement that may contribute to false sense of securitythis period is short or nonexistent in severe poisoning; 3. this phase occurs 2 to 12 hours after ingestion and is characterized by shock and metabolic acidosis [3] . Profound shock with associated signs of hypoperfusion -pallor, cold extremities, tachycardia and tachypnea, the systemic inflammatory response and coagulopathy may be fatal within several hours of ingestion [12, 13] . 4. phase of liver injury which develops on days 2 to 4. The clinical manifestations are variable in onset and include appearance of hyperbilirubinemia and biochemical markers of liver injury [12] . 5. this stage follows the acute phases of iron toxicity. Some patients develop strictures that create sings of obstruction such as feeding and projectile vomiting [12] . Gastric and pyloric scarring and strictures may occur 2 to 8 weeks to initial injury. These strictures occur in mucosa in which there was previous damage, and they frequently require surgical therapy [14] [15] [16] .
Iron absorption is highly regulated process. On average 10 % of dietary iron is absorbed [17] [18] [19] (5-30 % depending on the body's need for iron), but the absorption after overdose is not well understood [20] . Several volunteer studies demonstrate that a peak serum iron level is achieved within several hours of ingestion, and a level measured at 4 hours will be at near the peak, although the peak level may be delayed [21] [22] [23] . It is unclear whether very high doses lead to delayed absorption and peak level. In animals given lethal doses of iron, near-peak levels are observed within an hour [24] [25] [26] . Serum iron concentration is an important diagnostic tool, but the relation between the serum iron concentration and clinical effects have not been established. Patients with serum iron concentrations of 300 to 500 μg/dL after acute ingestion may exhibit some symptoms, and a few may exhibit serious toxicity. Very high serum iron levels, generally greater than 1000 ug/dL, are almost always associated with serious toxicity [27, 28] Iron pills can be conglomerated into a mass in the stomach and may reduce the rate of absorption and delay toxicity. A radiograph showing radipaque pills in the stomach or intestine confirms the ingestion; however, a "normal" radiograph does not exclude exposure, because not all iron preparations are equally visible on radiograph. In some case reports the number of pills seen on radiograph has been counted to predict the likehood of toxicity [29] . Radiography can be repeated after gut decontamination to document resolution of the densities [30] .
Preventing the absorption of potentially toxic substances is a cardinal principle in the treatment of the overdose patient, but the value of gastrointestinal decontamination methods, such as emesis, gastric lavage, catharsis, activated charcoal and whole bowel irrigation has been questioned. According to American Academy of Clinical Toxicology and European Association of Poisons Centres and Clinical Toxicologists Position statement these methods should not be used routinely [31] . Gastric lavage should be considered after ingestion greater than 20 mg Fe 2+ / kg or unknown amount of poison soon after ingestion -generally within 1 hour. However iron pills tend to conglomerate and congeal, and these sticky masses may not pass through the lavage tube [3] . Activated charcoal does not have a major role in the treatment of iron poisoning because metallic ions such iron do not adsorb to it [3] . According to the Position statement WBI should be considered for the patients who have ingested substantial amounts of iron as the morbidity is high and there is a lack of other options for gastrointestinal decontamination [5] [6] [7] [31] [32] [33] . Ingestion of sustainedrelease or enteric-coated formulation is another indication of WBI performing [31, 34, 35] . WBI has the potential to reduce drug absorption by decontaminating the entire gastrointestinal tract by physically expelling intraluminal contents, [31, 36] but no controlled clinical studies have been performed and there is no conclusive evidence that WBI improves the outcome of the poisoned patient. The American Academy of Toxicology concludes that WBI is an unproved therapy, but many clinical toxicologists believe that it is the safest method of gastrointestinal decontamination currently available and that it has the greatest potential for benefit [37] .
In our opinion, benefits of WBI, as the method of iron poisoning treatment, are significant. WBI allowed to remove undissolved tablets mass remained in guts safely, causing no serious complications. It worked well to move iron bezoars through the gastrointestinal system, so there was no need for surgical treatment, such as gastrotomy. Most important of all, it limited gut absorption of slow-release formulation of iron. Potentially toxic dose of iron caused no significant clinical symptoms. The only abnormalities observed were transient, slight serum bilirubin level elevation and leucocytosis. There was no need to use Deferoxamine, also.
WBI seems to be beneficial at the early stage of iron intoxication ensuring rapid and effective cleansing of gut and decreasing toxin absorption. Authors believe that the use of WBI allows providing supportive care only and avoiding deferoxamine treatment.
